Endothelial dysfunction is one of the earliest events in atherogenesis. A consequence of endothelial damage is a lower availability of nitric oxide (NO), the most potent endogenous vasodilator. NO inhibits platelet aggregation, smooth muscle cell proliferation and adhesion of monocytes to endothelial cells. Endothelial dysfunction is present in patients with cardiovascular disease and/or coronary risk factors, such as hypertension, dyslipidemia, diabetes, smoking or hyperhomocysteinemia. At present, soluble markers and high resolution ultrasound of the brachial artery, have provided simple tools for the study of endothelial function and the effects of several interventions. It has been demonstrated that dietary factors may induce significant changes on vascular reactivity. Nutrients, such as fish oil, antioxidants, L-arginine, folic acid and soy protein have shown an improvement in endothelial function that can mediate, at least partially, the cardioprotective effects of these substances. Attention has been focused on dietary patterns in populations with lower prevalence of cardiovascular disease. There is some evidence suggesting that Mediterranean diet characterized by high consumption of vegetables, fish, olive oil and moderate wine consumption may have a positive effect on endothelial function. These results give us evidence on the significant role of diet on endothelial function and its impact on the pathogenesis of atherosclerosis.
INTRODUCTION
The vascular endothelium plays an important role in a number of homeostatic functions including the regulation of blood flow, vascular tone and platelet aggregation. These functions are mediated by the synthesis and release of several substances, mainly nitric oxide (NO) or endothelium-derived relaxing factor (EDRF), the most potent endogenous vasodilator known to date (1, 2) .
Endothelial dysfunction, that is, the disruption of these vasoregulatory functions, is considered one of the earliest events in the development of atherosclerosis. Cardiovascular risk factors, such as hypercholesterolemia, cigarette smoking, hypertension, diabetes mellitus and hyperhomocysteinemia are frequently associated with abnormalities in vascular function, characterized by an increased response to specific vasoconstrictor agents and a pronounced attenuation of endotheliumdependent vasorelaxation (3, 4) .
The clinical characteristics of endothelial dysfunction are enhanced and maintained endothelial activation and impaired endothelium-dependent vasodilation. Endothelial activation is detected by increased plasma concentration of soluble adhesion molecules that are released into the plasma from the activated endothelium (5).
Failure in endothelium-dependent vasodilation can be detected in coronary vessels by coronariography post infusion of acetylcholine to measure changes in coronary artery diameter and vessel flow. However, this method is invasive and timeconsuming. A non-invasive and reproducible method has been developed that measures the vasodilator response of the brachial artery after the infusion of agonists, such as serotonin or acetylcholine or, more commonly, in response to increased flow induced by reactive hyperemia (6) .
Several pharmacological and nonpharmacological strategies have been demonstrated to improve endothelial function. Pharmacological interventions include inhibitors of 3-hydroxy-3-methylglutaryl coenzyme A reductase (statins), calcium channel blockers, angiotensin-converting enzyme inhibitors, estrogens and angiotensin-II receptor antagonists (4). Non-pharmacological interventions, such as physical activity, smoking cessation and nutritional factors also play an important role. In recent years, fatty acids, antioxidants, L-arginine, folic acid and soy protein have been the most evaluated substances.
Fatty acids
Several studies have shown that the acute administration of a high-fat meal induces a transitory disruption of endothelial function. This effect has been observed with different types of fats, including saturated, monounsaturated (MUFA) and trans fatty acids (7). Vogel et al. evidenced that a high-fat meal (containing predominantly saturated and trans fatty acids) induced an acute decrease in flowmediated vasodilation that correlated with a postprandial elevation of triglyceride-rich lipoproteins in the plasma (8) . Another study showed that a meal containing predominantly MUFA, also produces an impairment in endothelial function when compared to a carbohydrate-rich-meal (9) . Similarly, it was observed that a meal rich in olive oil, produces the same decline in flow-mediated vasodilation as did a fast food meal (7).
The effect of chronic consumption of a high-fat diet on endothelial function has also been evaluated. One study showed that a Mediterranean-type MUFA diet administered during 28 days to healthy subjects, produces a decrease in plasma markers of endothelial activation, suggesting an improvement in endothelial function (10) . Similarly, the chronic consumption of low-fat diets and Mediterranean-style diets improve endothelial function compared to a high-fat Western-type diet (11) . However, these studies did not differentiate the benefit attributed to the high consumption of natural antioxidants, characteristic of Mediterranean-style diets, from the effect of fat on endothelial function. We evaluated the effects of two high-fat diets: MUFA and n-6 polyunsaturated fatty acids (PUFA), both of them exiguous in fruits and vegetables. They were administered to healthy males during three weeks. It was detected that both diets, independent of the type of fat, elicited a significant decline in flow-mediated vasodilation. This negative effect was reverted when the subjects added red wine (two glasses per day) or fruit and vegetables to their diets (12) . These data suggest that high-fat diets induce endothelial dysfunction that can be counteracted with the consumption of natural antioxidants.
The effect of n-3 fatty acids on endothelial function has also been evaluated. In vitro studies suggest that n-3 fatty acids decrease the expression of adhesion molecules on endothelium and decrease leukocyte-endothelium interactions (13) . In addition, in coronary artery strips, fish oil augments endothelium-dependent relaxation (14) . Eicosapentaenoic acid (EPA) may induce this effect by increasing the production and release of nitric oxide by an activation of nitric oxide synthase (NOS) (15) . Human studies have shown that supplementation with n-3 fatty acids improves endothelial function, providing an additional mechanism for the beneficial effects of these fatty acids in coronary heart disease (16) . In contrast to other fatty acids, acute administration of fish oil did not induce a deleterious effect on endothelial function (7) and its long-term administration is consistently associated to improved endothelial function (17, 18) .
In conclusion, with the exception of n-3 fatty acids, acute or chronic high-fat meals induce a negative effect on endothelial function. This function is improved by the simultaneous administration of natural antioxidants, such as red wine, fruits and vegetables. Results of studies with fish oil provide further support to the beneficial effects of these fatty acids on endothelial function and cardiovascular disease prevention.
Antioxidants
The oxidative modification of low density lipoprotein (LDL) has been implicated in the development of atherosclerosis. Dietary antioxidants protect LDL molecules against oxidation and limit experimental atherosclerosis (19) (20) (21) (22) . Abnormalities in endothelium-dependent vasodilation may in part result from the effects of oxidized LDL on nitric oxide release. Moreover, oxidized LDL is cytotoxic to endothelial cells and chemotactic for monocytes, leading to the accumulation of vascular inflammatory cells and free radicals and to the inactivation of nitric oxide (23, 24) . Antioxidants reduce LDL oxidation; early animal studies suggested that the administration of these substances preserves endothelium-dependent vasorelaxation (25) . Human studies also support a beneficial role of antioxidants on endothelial function (18, 26) . It has been detected that vitamin C, a water soluble antioxidant, vitamin E and probucol, lipid soluble antioxidants, produce beneficial effects on endothelial function by decreasing the down regulation of endothelial NOS expression (27) . Moreover, the deleterious effects of postprandial hypertriglyceridemia on endothelial-dependent vasodilation can be counteracted by the simultaneous administration of antioxidants, mainly vitamins C and E (28, 29) . Flavonoids and other polyphenols contained in foods such as red wine, tea, onions, apples and others, also have antioxidant properties, and there is evidence that their intake is associated with reduced cardiovascular risk (30, 32) . In vitro studies have shown that wine polyphenols exert vasorelaxing activities in rat and rabbit aortic rings and in human coronary arteries (33, 34) . Plant polyphenols from other sources have shown a similar activity. Recently, we observed that moderate red wine consumption counteracts endothelial dysfunction induced by a high-fat, Westernstyle diet administered to healthy men (35) . Similarly, another study suggested that short and long-term black tea consumption reverses endothelial dysfunction in patients with coronary heart disease (36) .
Taken together, the results of most of the studies support a beneficial role of antioxidants, mainly vitamins C, E and polyphenols on endothelium function. This effect seems to be directly related to a reduction in oxidative stress.
L-arginine
L-arginine is a semi-essential amino acid and the substrate for NOS in the production of nitric oxide (37) . Animal studies have shown that supplementation with L-arginine improves endothelium-dependent dilation, decreases platelet aggregation and monocyte adhesion and reduces the development of atherosclerosis (18, 38) . However, the results on human interventions are more controversial. Some studies detected that L-arginine induces an improvement on endothelium dependent vasodilation, while others report no change. In patients with coronary artery disease, most studies have shown that L-arginine administration improves both endotheliumdependent vasodilation and abnormal interactions of vascular cells, platelets and monocytes (39) . Similarly, L-arginine administration exhibits consistent beneficial effects on patients with hypercholesterolemia or cigarette consumption, both of which are well known cardiovascular risk factors that induce endothelial dysfunction (39) . However, the benefit is not clear in healthy subjects or patients with diabetes or hypertension. Endothelial dysfunction associated to both of the latter conditions does not seem to be related to NOS substrate deficiency (39) , that could explain the lack of effect of L-arginine interventions. Our preliminary (unpublished) data indicate that L-arginine supplementation (0.1 mg/kg by oral route) for 6 weeks in patients with known cardiovascular atherosclerotic disease presenting severe endothelial dysfunction, was associated to a significant improvement in endothelial function.
During the reproductive period, some patients presenting with miscarriage, fetal death, fetal growth restriction or preeclampsia exhibit placental lesions indicating atherosclerotic vascular disease (40) . The evaluation of their endothelial function during the non-pregnant period detected the presence of endothelial dysfunction of unknown origin in about 30 % of them (41) . In those women, early L-arginine supplementation (0.1 mg/kg by oral route) (from 10 weeks gestation until term) improved maternal endothelial function, decreased uterine vascular resistance indexes (suggesting an improvement in uteroplacental blood flow) and was associated to a lower frequency of pregnancy complications, and a higher rate of live births (41). Additional well-controlled studies are necessary to confirm our results.
Folic acid
Homocysteine is a sulfur-containing amino acid that is formed during methionine metabolism.
Serum homocysteine concentrations are frequently elevated in the elderly, in individuals deficient in folic acid, cyanocobalamin (vitamin B12) or pyridoxal phosphate (vitamin B6), and in the presence of some enzyme abnormalities (42) . It is now well established that mild to moderate elevations in serum homocysteine plasma levels are associated with an increased risk of cardiovascular disease (43) . Homocysteine increases platelet aggregation and thrombosis through enhanced thromboxane synthesis and inactivation of anticoagulant substances (44) . In addition, cellular and animal studies suggest that homocysteine reduces the bioavailibility of NO by increasing superoxide production, which inactivates NO (45) . There is increasing evidence that folic acid could have a beneficial effect on vascular reactivity. Clinical studies have detected impaired endothelial function in subjects with hyperhomocysteinemia or healthy subjects after oral methionine load. Acute administration of folic acid can restore disrupted endothelial function in those subjects (46) . Also, chronic supplementation has shown a positive effect (18) . This benefit is probably mediated by the homocysteine lowering effect of folic acid and by other mechanisms such as antioxidant properties and a direct increase of NO production (47, 48) .
Soy protein
Dietary soy protein has been shown to have several beneficial effects on cardiovascular health. Its best-documented effect consists of a reduction of cholesterol and triglyceride concentrations (49, 50) . In addition, soy protein exhibits potent antioxidant properties (50) . These effects have been attributed to soy bean compounds, named isoflavones, mainly genistein, which act as selective estrogen receptor modulators (SERM). These compounds bind more strongly to estrogen receptor β, present in bone and vascular tissue, and with less affinity, they bind to estrogen receptor a (51) . In addition to the antioxidant and lipid lowering effect, in vitro studies had suggested that genistein relaxes rat arteries by a NO-dependent mechanism (52), thus suggesting that these isoflavones could have direct beneficial effect on endothelial function. Furthermore, genistein enhances the vasodilator response of atherosclerotic arteries to acetylcholine (53) . In addition, genistein supplementation improves endothelial dysfunction induced by ovariectomy in rats (54) . Consistently, we recently demonstrated that supplementation with soy protein to postmenopausal hypercholesterolemic women improves flow-mediated dilation, regardless of changes in plasma lipoproteins. We hypothesized that isoflavones are responsible for this beneficial effect (55) .
In conclusion, endothelial function can be modulated by some dietary components. The challenge for the future is to address the physiological mechanism of these components, and formulate dietary recommendations for populations at risk of cardiovascular disease.
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